The ability to quantify and characterize antigen-specific CD8
ADAPTIVE immunity is mediated by a complex network of cellular and molecular interactions that sense and respond to antigenic stimuli derived from dangerous entities. To deconvolute this system, it is important that the necessary tools are available to enable the accurate and reproducible measurement of antigen-specific cell populations directly ex vivo; however, it is equally important that these tools are used with an understanding of their limitations. One of the most significant advances in immunotechnology over the past few years has been the development of soluble recombinant peptide-major histocompatibility complex class I (pMHCI) multimers (1, 2) . These reagents bind stably to cognate T cell receptors (TCRs) expressed on the surface of antigen-specific CD8 1 T cells, despite the low affinity and rapid kinetics of monomeric TCR/pMHCI binding, and are internalized at physiological binding temperatures (3, 4) ; thus, in fluorochrome-conjugated form, pMHCI multimers allow the visualization of cognate CD8
1 T cells by flow cytometry. In general, pathogen-specific CD8 1 T cell populations, which tend to express TCRs that bind cognate pMHCI with high affinities (5) and comprise a substantial proportion of the memory T cell pool, are easily identified with relatively basic flow cytometers and associated software. However, it is sometimes difficult to distinguish true antigen-specific CD8 1 T cells from background binding events, especially when the target population is present at low frequency and binds cognate pMHCI with low avidity. Resolution of these issues is critical for the analysis and interpretation of pMHCI multimer-based data. In this brief review, which is necessarily selective in scope, we highlight a few techniques that might help to improve the ex vivo detection of true pMHCI multimer binding events.
WHAT IS REAL?
A priori, the simplest way to confirm both the presence and magnitude of a specific CD8
1 T cell population detected by pMHCI multimer staining is to demonstrate and measure the functional consequences of cognate antigen engagement at the single cell level; this can be achieved relatively easily with a variety of readouts using flow cytometric platforms ( Figure 1 ). However, there are a number of issues that complicate the use of functional verification as a ''gold standard'' test.
Antigen-experienced CD8 1 T cells are primed to execute a programmed array of effector functions when triggered by cognate pMHCI molecules; nevertheless, not all cells and not all functions are equivalent. Thus, it is possible that a truly cognate CD8
1 T cell might not be functional in a given ex vivo bioassay (Figure 1) . Indeed, many studies have now shown that pMHCI multimer binding CD8 1 T cells can exhibit various degrees of dysfunction, for example due to the effects of persistent antigen exposure [Ref. (6) and citations therein]. Furthermore, such discrepancies between function and physical presence may vary with circumstance; thus, distinct changes in functional capabilities can accompany both generic T cell differentiation (7, 8) and the unique ontogeny of individual antigenspecific T cells (9) , thereby giving rise to a vast heterogeneity of phenotypic characteristics and functional profiles within the memory T cell pool. Similarly, certain functions are triggered at different thresholds and thus can be differentially elicited in CD8 1 T cells with different antigen sensitivities (10) (11) (12) . A further complicating issue arises from the observation that CD8
1 T cells bearing cognate TCRs can exhibit functional activation in response to agonist ligands, yet fail to bind the corresponding pMHCI multimer (13) (14) (15) . Recent data indicate that these discrepancies can arise as a consequence of the differential TCR/pMHCI affinity thresholds and kinetic rules that govern pMHCI multimer binding and functional activation (15) . Thus, pMHCI multimer binding is dependent on both the expression of cognate TCRs that bind monomeric pMHCI above a certain affinity and a corresponding compound cellular avidity for antigen that is determined by multiple additional factors (16) . In contrast, pMHCI antigens with monomeric affinities for TCR that lie below the threshold required for binding of the corresponding multimer can act as agonist ligands in functional assays (15) .
Thus, even with the assumption that an optimal antigenic stimulus is delivered with current protocols, functional measurements, either individually or in combination, are insufficient in isolation to determine the integrity of pMHCI multimer binding. How else, then, can we provide a ''reality check'' to discriminate signal from noise in pMHCI multimer-based assays? The purpose of what follows is to provide some potential solutions to these issues. Gating strategies to eliminate aberrant binding events. Bone marrow mononuclear cells were washed with phosphate-buffered saline (PBS) and stained with the amine reactive viability dye ViViD (Invitrogen/Molecular Probes) as described previously (19) . After a further wash, cells were stained at 378C for 20 min with pre-titered APC-conjugated CMV pp65 495-503 /HLA A*0201 tetramer mutated in the a3 domain of the heavy chain (D227K/T228A) to abrogate CD8 binding (26) ; such CD8-null tetramers enable the selective identification of high avidity cognate CD8 1 T cells (28, 38, 39) . Cells were subsequently stained for surface markers prior to immediate acquisition as described in Figure 1 ; aCD14 and aCD19 were conjugated to Pacific Blue to fluoresce in the same channel as ViViD. The top row shows a ''traditional'' gating strategy used with six-parameter flow cytometers, in which lymphocyte populations are identified in a forward scatter-area (FSC-A) versus side scatter-area (SSC-A) plot; tetramer 1 cells are then displayed in a bivariate plot with CD8 after gating to identify T cells on the basis of CD3 expression. The bottom row shows a polychromatic gating strategy to eliminate aberrant binding events. Singlet cells are first selected in a FSC-A versus FSC-height plot and then CD3 1 T cells are identified against the ''dump'' channel to exclude cells that could bind tetramer and mAbs nonspecifically (dead/dying cells with compromised membranes, monocytes and B cells). Fluorochrome aggregates are then excluded from the analysis before gating small lymphocytes on the basis of standard light scatter properties. Finally, tetramer 1 cells are displayed versus CD8 as shown in the top row. Both rows show the same dataset. The ''true'' tetramer 1 CD8 1 T cell population is cleanly identified with the polychromatic gating strategy (0.62%); the poorly resolved tetramer 1 CD8 1 population (1.57%) identified with the traditional gating strategy contains a high proportion of nonspecific ''background'' binding events that are eliminated by inclusion of the dump channel (right panel, top row; tetramer 1 events are shown in blue overlaid on the total population in a bivariate CD3 versus CD14/CD19/ViViD plot). It should be noted that in some cases it appears that activated CD8
1 T cells can associate with CD14 within the small lymphocyte gate and that, consequently, some antigen-specific events might be excluded from the analysis inadvertently by the inclusion of aCD14 in the dump channel (Betts & Price, unpublished observation). 1 T cells with pMHCI tetramers is independent of downstream functional consequences. Peripheral blood mononuclear cells (PBMC) were incubated with pre-titered allophycocyanin (APC)-conjugated cytomegalovirus (CMV) pp65 495-503 /human leukocyte antigen (HLA) A*0201 tetramer at 378C for 20 min and then stimulated for 6 h with the corresponding cognate peptide at 2 lg/ml in the presence of costimulatory monoclonal antibodies (mAbs; aCD28 and aCD49d, each at 1 lg/ml), brefeldin A (10 lg/ml), monensin (0.7 lg/ml), and pre-titered Alexa 680-conjugated aCD107a to detect degranulation as described previously (43) . After stimulation, the cells were washed, and then stained sequentially for surface and intracellular markers prior to acquisition as described previously with minor modifications (28) . A minimum of 200,000 live cells, identified within the ''dump-negative'' population as depicted for a different dataset in Figure 2 , were acquired on a modified LSRII flow cytometer (BD BioSciences) and analyzed with FlowJo software (TreeStar Inc.). The top row shows CD8
1 T cells expressing cognate TCRs specific for the HLA A*0201-restricted CMV pp65 495-503 epitope that were identified with the corresponding pMHCI tetramer (5.68% of CD8 1 T cells); degranulation (CD107a mobilization) and cytokine production (IFNc and TNFa) were then assessed in parallel (tetramer 1 events are shown in red). Functional CD8 1 T cells that do not stain with the CMV pp65 495-503 /HLA A*0201 tetramer are observed; this could reflect either nonspecific background activation in vivo or antigenspecific activation of CD8 1 T cells ex vivo that fail to bind cognate tetramer (13) (14) (15) . Discrimination between these possibilities is difficult due to the fact that the appropriate negative control cannot be conducted because pMHCI tetramers are not biologically inert. Thus, cognate CD8
1 T cell activation in the absence of subsequent peptide stimulation can be induced by: (i) multimeric TCR engagement by pMHCI tetramers in isolation (26) ; and, (ii) peptide representation by endogenous MHCI molecules (44, 45) . The bottom row shows the proportion of nonfunctional tetramer 1 cells by sequential gating (from left to right) on CD8 1 T cells that lack TNFa and IFNc production and CD107a mobilization in response to antigenic stimulation as described above; in this experiment, 1.30% of CD8
1 T cells were tetramer 1 and functionally inert within the limitations of the measured parameters. Atypically, a substantial proportion of cognate CD8
1 T cells in this experiment failed to produce either TNFa or IFNc, yet mobilized CD107a; this is consistent with the differential triggering sensitivities of these functions and probably reflects suboptimal stimulation due to pMHCI tetramer-induced down-regulation of cell surface TCRs that might be stimulated more effectively by membrane-bound antigen. 
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Many factors can influence the reliability and reproducibility of pMHCI multimer-based assays. A complete discussion of these factors is beyond the scope of this article; however, we have recently reviewed many of these issues separately (16) and optimization of some related parameters is also considered in a companion article by Keeney and colleagues in this issue of Cytometry. For the purposes of this review, we will assume that: (i) all recombinant pMHCI reagents are produced to a high degree of purity and fully tetramerized, albeit with an integral degree of heterogeneity (17) , by conjugation to high quality, bright fluorochrome-labeled streptavidin preparations; (ii) all stains are performed at physiological binding temperature (378C) for a maximum of 20 min as described previously (3) unless stated otherwise; (iii) all reagents are optimally titrated to ensure maximal discrimination between signal and noise; (iv) all flow cytometry-related variables are optimally configured; and, (v) sufficient numbers of events are collected to allow accurate data interpretation (18) . It should be noted that the techniques discussed below are applicable to pMHCI multimers of different valencies; the commonly used tetrameric scaffold is considered here for simplicity.
NOISE REDUCTION
As the frequency of antigen-specific CD8
1 T cells decreases, the true pMHCI tetramer signal becomes increasingly obscured within the inherent background noise that assumes greater relative proportionality within the system; this can lead to erroneous measurements of quantity and quality. Thus, it is essential to minimize noise through the elimination of aberrant binding events from the analysis. This can be achieved through the incorporation of a ''dump'' channel, in which specific stains are used to identify confounding events that are subsequently gated out en masse (Figure 2 ). A viability marker should always be included in the dump channel because dead/dying cells with impaired membrane integrity are a major source of nonspecific binding events; the fixable amine reactive dyes are particularly useful for this purpose as they are compatible with fixation/permeabilization procedures (19) . Similarly, it is generally useful to exclude monocytes and B cells with aCD14 and aCD19 mAbs, respectively (20, 21) . Multiple additional markers can also be included within a single dump channel as circumstances dictate; for example, the addition of aCD33 and aCD34 might eliminate further nonspecific binding events in bone marrow mononuclear cell samples. Overall, the use of a dump channel increases measurement sensitivity by reducing compensation-induced spreading error and eliminating irrelevant cells that artifactually masquerade as true signal with traditional gating strategies (Figure 2 ).
SIGNAL/NOISE DISCRIMINATION
Even once aberrant binding events have been eliminated, a degree of background staining frequently persists within the CD8
1 T cell population that can be difficult to resolve. A visual clue to the extent of the problem can be attained from simple inspection of the corresponding CD3 1 CD8 2 cell population; thus, if a similar degree of pMHCI tetramer staining is observed, then it is less likely that the signal emanating from the CD3
1
CD8
1 cell population is real. Indeed, this information should always be disclosed in the presentation of pMHCI tetramer-based data. However, such observations do not necessarily exclude the presence of cognate CD8
1 T cells; rather, they provide an indication of the general level of noise from which any true binding events must be extracted. Assuming that such nonspecific staining is, in part, random, one empirical approach to this task is to use the same pMHCI tetrameric reagent labeled in different colors (Figure 3 ). The principle Figure 3 . Discrimination of true tetramer binding events by double fluorochrome verification. PBMC were stained with BiViD or ViViD, pretitered Epstein-Barr virus (EBV) BMLF1 259-267 /HLA A*0201 (top row) or preferentially expressed antigen on melanomas (PRAME) 100-108 /HLA A*0201 (bottom row) tetramers and mAbs specific for cell surface markers as described in the legend to Figure 2 . Antigen-specific CD8
1 T cells identified with phycoerythrin (PE)-conjugated or APC-conjugated pHLA A*0201 tetramers are shown in the left and middle panels respectively. As shown, background staining can be more pronounced with PE-conjugated pMHCI tetramers due, in part, to greater spreading error and the tendency for heterogeneity within such preparations (17, 20) . Random background originating from individual tetramers representing a given antigen specificity can be discerned by staining with a mixture of differentially conjugated tetramers together (right panel). Cognate CD8
1 T cells will capture pMHCI tetramers from solution regardless of the associated fluorochrome; singly stained cells likely represent aberrant binding events. In these experiments, pre-mixing of tetramer solutions prior to staining minimizes the bias that can arise from sequential additions due to rapid on-rates for binding (26) . Nevertheless, it remains possible that some cognate CD8
1 T cells will stain with only one of the corresponding pMHCI tetramers simply by chance, although this is unlikely given that many fluorochromes must be taken up for an individual cell to be visible by flow cytometry. Furthermore, doubly stained cognate CD8 1 T cell populations exhibit reduced individual fluorescence intensities due to competition between tetramers for a finite number of surface TCRs. Thus, this technique is best considered as confirmatory for situations in which low frequency antigen-specific CD8
1 T cells are difficult to discriminate reliably; this is especially pertinent when traditional gating trees are used (Figure 2) . Figure 4 . Discrimination of true tetramer binding events on the basis of phenotypic characteristics. PBMC were stained with ViViD, pretitered pHLA A*0201 tetramers as indicated and mAbs specific for cell surface markers as described in the legend to Figure 2 ; the aCD8 mAbs used in these distinct experiments were conjugated to Pacific Orange (CMV pp65 495-503 ), Alexa 594-PE (EBV BMLF1 259-267 ) and Cy7-APC (PR1; proteinase-3, residues 169-177). Expression of CD27 and CD45RO was examined in the bright tetramer 1 CD8 1 T cell population and in the ''shoulder'' that comprises tetramer dim/neg CD8 1 T cells. The vast majority of the bright tetramer 1 CD8 1 T cells express markers consistent with a memory phenotype (various colors; middle panels), whereas the tetramer dim/neg CD8 1 T cells follow a phenotypic distribution similar to that of the overall CD8
1 T cell population in the sample (red; right panels). Thus, the presence of substantial numbers of na€ ıve CD8 1 T cells helps to resolve nonspecific background staining; this can be useful when staining patterns lack clarity, for example with low avidity cognate CD8 1 T cell populations that tend to separate poorly. The incorporation of additional memory markers can also be helpful, especially with antigen-specific CD8 1 T cell populations that tend to exhibit atypical phenotypic characteristics (46) .
/ REVIEW ARTICLE
here is that cognate CD8 1 T cells will bind specifically regardless of the label, whereas the random element of the staining pattern will not associate equally with each version of the reagent. Thus, although there is inevitably a concomitant reduction in the intensity of specific labeling with each individual pMHCI tetramer, a degree of confidence is added by the observation of dual fluorochrome uptake. This strategy can be especially useful in the case of infrequent CD8
1 T cells that are not easily amenable to functional verification and exhibit poor separation as a consequence of low antigen binding avidities (22, 23) .
In addition, however, there is often an intrinsic element to background staining that can vary idiosyncratically with different pMHCI tetramers in different individuals. To some extent at least, this is a CD8 coreceptor-mediated effect (24) . Consequently, tetramers produced from pMHCI mutants with impaired CD8 binding properties exhibit diminished background staining and can thereby lead to enhanced signal resolution (25) (26) (27) . In general, this has proven to be an effective strategy for pathogen-specific CD8
1 T cells that typically express high affinity TCRs and bind antigen with high avidities (5, 28) . However, CD8 stabilizes and enhances TCR/ pMHCI interactions at the cell surface through effects on both the off-rate and the on-rate (15, 24, 29) , despite the fact that these trimolecular interactions are structurally distinct and noncooperative in three dimensions (30) (31) (32) . Therefore, modification of CD8 coreceptor binding also alters the avidity range of antigen-specific CD8
1 T cells that can bind pMHCI tetramers; given that avidity for antigen is at least partially dependent on the corresponding TCR/pMHCI monomeric affinity, intact or even enhanced CD8 binding properties (see below) are likely to be required for optimal pMHCI tetramer-based detection of tumor-specific and autoreactive CD8 1 T cell populations (5, 15) . How, then, can we distinguish background staining from signal without compromising the detection of low avidity CD8 1 T cells? Perhaps the most useful technique here is to include phenotypic markers in the flow cytometric panel. The ''shoulder'' that protrudes from the noncognate CD8
1 T cell population and represents background staining comprises a mixture of both memory and naïve cells; i.e. the phenotypic distribution follows that of the CD8
1 T cell population as a whole. In contrast, true cognate CD8
1 T cells that bind pMHCI tetramer generally exhibit an almost exclusive memory phenotype (Figure 4) . It should be noted that there are some exceptions to this general dichotomy; for example, CD8
1 T cell populations specific for Melan-A/MART-1 can contain substantial numbers of naïve cells (33) . Nevertheless, ''memory gating'' can help to distinguish true binding events from background staining in most experimental settings.
SIGNAL AMPLIFICATION
The intensity of labeling with pMHCI tetramers reflects, at least in part, cellular avidity for antigen (34, 35) . This parameter is determined both by TCR/pMHCI affinity (15) and by factors beyond the direct interface with antigen, such as membrane flexibility, molecular density, and cell surface topography [reviewed in Ref. (16)]. Although the clonotypic structure of a given antigen-specific CD8
1 T cell population is fixed at the time of analysis, pMHCI tetramer binding to that population can be altered via manipulations that affect either Figure 5 . Dasatinib pre-treatment enhances pMHCI tetramer staining. PBMC were stained with ViViD, washed and then incubated with PBS alone or with PBS containing 100 nM dasatinib for 30 min at 378C. Subsequently, cells were stained at 48C for 20 min with pre-titered PE-conjugated CMV pp65 495-503 /HLA A*0201 tetramer; dasatinib was maintained in the medium at a concentration of 100 nM throughout the staining procedure in the relevant experimental tubes. After a further wash, cells were stained with mAbs specific for cell surface markers and then with GriViD, an amine reactive viability dye that is spectrally distinct from ViViD. Cells were acquired and analyzed as described in the legends to Figures 1 and 2 . The left panels show that tetramer staining is substantially enhanced in the presence of dasatinib; specifically, both greater signal intensity and improved resolution of intermediate binding events are observed. The right panels show the percentage of tetramer 1 cells that die during the staining procedure. It is established that pMHCI multimer-induced signaling can trigger cell death (17, 26, 47, 48) , and it appears that dasatinib can mitigate these effects. In the experiment shown, few cells die during the assay; however, the extent of procedural cell death varies widely in different circumstances and can exert a substantial effect on the results. Similar data were obtained with dasatinib experiments conducted at 378C using pMHCI tetramers representing several different specificities (37) . Figure 6 . Coreceptor-enhanced pMHCI tetramers improve signal strength. PBMC were stained with ViViD, pre-titered CMV pp65 495-503 /HLA A*0201 tetramers as indicated and mAbs specific for cell surface markers as described in the legend to Figure 2 . The D227K/T228A a3 domain mutation abrogates CD8 binding (26) , thereby enabling the selective identification of high avidity cognate CD8 1 T cell populations (28, 38, 39) ; the Q115E a2 domain mutation increases CD8 binding from K D % 120 lM to K D % 85 lM (24, 41) and enables the identification of low avidity cognate CD8
1 T cells that lie below the threshold of detection with wildtype tetramers under identical conditions (42) . In these experiments, tetrameric preparations were standardized for concentration and volume, such that conditions differed solely with respect to the nature of the pHLA A*0201/CD8 interaction; furthermore, all tetramers were prepared afresh from pMHCI monomers frozen at 2808C to minimize confounding effects related to differential protein stability (49) . The titrations shown range from 5 to 0.05 lg pMHCI with respect to the monomeric component in minimal staining volume; median fluorescence intensities (MFIs) of the tetramer 1 populations are displayed in the right panel. Several effects are apparent. First, signal intensity improves as the affinity of the pMHCI/CD8 interaction increases; this is more apparent at lower pMHCI tetramer concentrations. Second, an ''avidity separation'' effect is visible within the cognate CD8
1 T cell population; thus, at more limiting concentrations of wildtype pMHCI tetramer, two distinct populations emerge that presumably represent CD8
1 T cells with differential avidities for antigen as described previously (28) . This segregation is more apparent at higher concentrations with the D227K/T228A pMHCI tetramer as intrinsic avidities for antigen are exposed more clearly in the absence of CD8-mediated compensatory effects (28) . In contrast, the low avidity CD8
1 T cells are enveloped within the overall cognate population in the presence of enhanced CD8 binding; this is consistent with the observation that the Q115E mutation preferentially enhances pMHCI tetramer binding, and hence signal amplification, in the case of lower avidity CD8
1 T cells (42) .
? REVIEW ARTICLE cellular behavior or the structure of the reagent; these technical modifications, which primarily impact the detection of low avidity CD8 1 T cells, are not necessarily mutually exclusive and can exhibit useful compound effects in certain situations.
Cellular Modification
The extent of ligand binding is dependent on the concentration of both partners. For this reason, the maximum concentration of pMHCI tetramer that allows clear visualization 
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with minimal background issues should be selected in reagent titrations for optimal experimental usage; this will facilitate the capture of cognate pMHCI tetramers by lower avidity CD8 1 T cells (see below). It is also possible to alter the surface densities of TCR and CD8 by pre-treating cells with the protein tyrosine kinase inhibitor dasatinib (36) . This manipulation can substantially enhance the intensity of pMHCI tetramer staining and preferentially benefits the detection of low avidity CD8
1 T cells [Ref. (37) and Figure 5 ]. These phenomena are not unexpected given the effects of CD8 on membrane-constrained TCR/pMHCI interactions and the impact of TCR density on the rate at which the second and third pMHCI components of the tetramer bind to form a stable complex with the cell [reviewed in Ref. (16)]. However, it is surprising that dasatinib can exert these beneficial effects on tetramer binding with incubation times shorter than those required to observe any upregulation of TCR or CD8 on the cell surface; preliminary experiments suggest that the underlying mechanism relates to the prevention of ''empty'' TCR internalization during pMHCI binding, but other explanations remain possible (37) . Regardless, substantial signal enhancement with minimal background effects can be observed with this manipulation, especially in the context of low avidity CD8
1 T cell populations. Furthermore, it appears from preliminary observations that dasatinib can reduce the degree of cell death induced by pMHCI tetramers during the course of the staining procedure [Ref. (37) and Figure 5 ]. Such effects may be conducive to the viable sorting of CD8 1 T cells labeled with cognate pMHCI tetramers, especially as the effects of dasatinib are reversible (36).
Reagent Modification
As discussed above, the CD8 coreceptor profoundly affects TCR/pMHCI binding at the cell surface by slowing the dissociation rate and enhancing the association rate (15, 24, 29) . These effects influence the range of pMHCI ligands that can be bound in tetrameric form by a given CD8 1 T cell. Thus, in the absence of CD8 binding, the monomeric TCR/ pMHCI affinity threshold required to observe tetramer binding is substantially increased (15) , thereby enabling the selective detection of high avidity antigen-specific CD8
1 T cell populations with tetrameric forms of a3 domain-mutated (D227K/T228A) pMHCI molecules that retain TCR binding integrity but fail to engage CD8 (28, 38, 39) . Recently, we have constructed pMHCI molecules that bind CD8 with enhanced affinity (24, 40, 41) . The Q115E a2 domain mutation increases CD8 binding affinity from K D % 120 lM to K D % 85 lM (24) and extends the range of pMHCI ligands that can be bound in tetrameric form by a given CD8 1 T cell; these effects enable the detection of low avidity antigen-specific CD8 1 T cells with ''coreceptor-enhanced'' pMHCI tetramers (42) . As discussed above, enhanced CD8 binding can be associated with concomitant increases in background staining; these can be minimized with appropriate reagent titration and resolved by the inclusion of phenotypic markers as shown in Figure 4 (42) . However, while background staining is to some extent a CD8-mediated phenomenon, there are clearly additional factors that affect its penetrance in practice; thus, these effects appear to vary between individuals according to the nature of the antigen (42) and are not always a problematic accompaniment to the use of coreceptor-enhanced tetramers ( Figure 6) . In general, then, coreceptor-enhanced pMHCI tetramers can be usefully employed for signal amplification purposes and seem destined to find widespread applications in fields such as tumor immunology and autoimmunity where low avidity CD8 1 T cell populations might prevail.
CONCLUDING REMARKS
As immunotechnology continues to advance with the development of multiplex applications for combined ex vivo measurements (21) , it is increasingly important that signal and noise are accurately discriminated with basic reagents such as pMHCI tetramers in order to obtain reliable data. In this brief review, we have highlighted a few techniques that might contribute to the accurate detection of true antigen-specific CD8
1 T cell populations with pMHCI tetramers directly ex vivo. These modifications to the standard assay approach are neither mutually exclusive nor definitive, but provide some options that can be tested in different scenarios to improve resolution. 
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